INTRODUCTION
On 8 February 2013, two low-pressure systems merged over the northeastern United States, producing a historic winter weather event that ranked among the top five worst blizzards in the region. Figure 1 illustrates the evolution of synoptic-scale weather patterns during the event, using the 13-km Rapid Refresh (RAP; Cifelli et al. 2005 ) model analyses. At 1200 UTC 8 February, a closed low was located just off the North Carolina coast, and the 0°C isotherm at 2 m above ground level was located just south of Long Island, New York (Fig. 1a) . At this time, precipitation associated with the low was primarily over the Mid-Atlantic States. Over the next 12 hours, the low deepened and progressed northeastward, while the precipitation shield moved over the north-Atlantic states and New England (Figs. 1b, c) .
By 0000 UTC 9 February, reflectivity values over Long ____________________________________________ Island were in excess of 50 dBZ. Between 0600 and 1200 UTC 9 February, the surface low moved slowly eastward and precipitation continued to fall over the New England states (Figs. 1d, e) . By 1800 UTC, precipitation was no longer falling over Long Island and Connecticut (Fig. 1f) . project (Elmore et al. 2013) , exhibited a transition of surface precipitation type between 1200 and 1800 UTC 8 February (Fig. 2b ). Rain was falling over southern New Jersey, southwestern Pennsylvania, and along the southern coast of Long Island, while a narrow zone of freezing rain and ice pellets/ice pellet mixture was positioned over central New Jersey and along the northern region of Long Island. Snow was the predominant precipitation type over Connecticut, Rhode
Island, Massachusetts, and New York.
As time progressed, the region of freezing rain and ice pellets shifted slightly southward (Figs. 2c, d ) and eventually, most locations reported snow (Fig. 2e ).
Total snow accumulations, valid at 1200 UTC 9
February, exceeded 50 cm over central Long Island, Connecticut, and Massachusetts (Fig. 2f) . Heavy snowfall and blizzard conditions occurred from northern New Jersey, inland to New York, and northward through Maine (Fig. 3) . Storm-total (8-9 February 2013 Andrić et al. (2009 Andrić et al. ( , 2010 Andrić et al. ( , 2013 have documented enhanced differential reflectivity (ZDR) signatures located above the environmental freezing layer, along with enhancements in specific differential phase (KDP) and slightly reduced co-polar correlation coefficient (ρhv). These elevated signatures appeared in horizontal layers or isolated "pockets" and were also associated with ZH increasing toward the ground (Andrić et al. 2013) . The enhanced ZDR values signified the presence of large, horizontally-oriented ice crystals in the subfreezing temperatures aloft (between -10 and -15°C), believed to be primarily due to dendritic growth (Andrić et al. 2010 Engineering (OUPRIME). During the events, the refreezing signature occurred when ice pellets were reaching the surface (Kumjian et al. 2013) . The lowlevel ZDR enhancement is likely indicative of substantial refreezing of precipitation particles, as well as the production of anisotropic ice crystals (Kumjian et al. 2013 ).
Further analysis is needed to thoroughly understand the origin of the ice crystals, as well as to explain the microphysical processes responsible for the occurrence of this unique polarimetric feature.
Nevertheless, the refreezing signature will be valuable in detecting transitions of precipitation from freezing rain to ice pellets/sleet (Ryzhkov et al. 2011; Kumjian et al. 2013 ).
OBSERVATIONAL ANALYSIS
Here, we present a selection of intriguing dualpolarization radar observations of the Northeast blizzard, during the observational period of 1000 UTC 8
February 2013 through 0400 UTC 9 February 2013, which included the onset, intensification, and initial dissipation phases of the system.
High, Shallow Z H near Surface
ZH during this event was unprecedented for a winter storm, reaching as high as 60 dBZ in regions of wet snow near the surface. This system was extraordinary,
considering ZH values in winter storms are typically no greater than ~40 dBZ ). The exceptionally-large ZH (> 50 dBZ) was confined to a shallow layer below 1.5 km throughout the entire observational period (e.g., Fig. 4 ). Also, ZH contours greater than 24 dBZ remained below approximately 6 km (e.g., Fig. 4 ).
As the convection intensified, ZH near the surface increased, especially after 2100 UTC 8 February. The incoming precipitation bands (comma-head (Fig. 5b,c) , distinctly indicating the location of the "true" 0°C isotherm. While the location of the 0°C transition line was exceptionally distinct in polarimetric imagery, the overlaid RAP modelindicated wet-bulb temperatures did a less accurate job detecting local temperature perturbations (Fig. 5b, c) .
As time progressed, the region of maximum ZH (> 50 dBZ) shifted north of KOKX (over Connecticut), and north of the 0°C isotherm (e.g., Fig.5d ; 0236 UTC 9 February), into colder temperatures. After the main snowband traversed north of the 0°C isotherm, dry snow became the predominant precipitation type, while ice pellets were also observed at the surface, south of the transition line (Fig. 5d-f) . Curiously, despite the intense convection residing within negative surface temperatures, wet snow was observed in the maximum ZH region (Fig. 5d-f ). This could possibly be attributed to local warming due to anomalously-heavy snow falling through the melting layer, and then reaching the surface before refreezing entirely. The polarimetric variables illustrate a more north/south-oriented transition line than at 2216 UTC, while the RAP model did not detect the smaller-scale temperature perturbations. Considering the polarimetric data captured the local temperature deviations more accurately than the RAP model, dualpolarization radar data could be a valuable tool for forecasters, when nowcasting transitional winter weather precipitation.
Differential Attenuation
One of the most prominent features of the event was the remarkable differential attenuation, which resulted from the radar beam propagating through regions of heavy, wet snow. This polarimetric signature occurred throughout the entire observational period, becoming more distinct as the convection intensified.
The 1.45° PPI ZDR imagery at 0001 UTC 9 February ( ZH up to 57 dBZ, ZDR up to 3 dB, and ρhv as low as 0.75 (Fig. 6 ) within a 50 km range of the radar. Figure 7 displays an example image of the anomalous large ice hydrometeors (or "asteroid" ice), appearing heavily rimed when observed at SBNY at 0043 UTC . Diversity in ice crystals during this phase of the system was illustrated in the image of columns, needles, and sleet at 0147 UTC (Fig. 8) .
The 216° RHI plots in Fig. 9 , at 2233 UTC 8
February, further illustrate the differential attenuation down-radial of the heavy wet snow and mixed precipitation which were located in regions of ZH up to 57 dBZ, ZDR up to 3.5 dB, and ρhv as low as 0.75 (located below 1.5 km; Fig. 9 ). The reduced ZDR values occurred within a layer above the shallow precipitation, at approximately 1-3 km (Fig. 9) . Also, the differential propagation phase (ΦDP) rapidly accumulated downradial of the heavy wet snow region, exceeding 100° (Fig. 9) . Figure Beginning at a range of ~10 km, there was a rapid increase in ΦDP, with values reaching 125° at 100 km (Fig. 10) , providing further evidence of the large snowflakes/hydrometeors in the heavy precipitation.
ZDR peaked at ~2.7 dB (due to the beam passing through the wet snow region with the largest ZH values) and then decreased and remained mostly negative over a large range beyond approximately 30 km (Fig. 10) .
ρhv was reduced at ranges between 10 and 35 km, when the beam propagated through the wet snow and mixedphase precipitation at the lower heights near the surface (Fig. 10) .
Melting Layer Bright Band Downward Excursion
As the second snowband approached Long Island from the south, a semi-circular shape in the polarimetric ρhv and ZDR signatures became evident by 1300 UTC 8
February (e.g., 1354 UTC; and reduced ρhv (as low as 0.9), and was first observed just after 1400 UTC, while the semi-circle MLBB-toground signature was becoming progressively more distinct with elevation and time. By 1459 UTC, the bubble had become larger and more distinct (Fig. 13) .
Eventually, it began to detach from the semi-circle, becoming nearly completely detached by 1557 UTC (Fig. 14) . By 1659 UTC, the bubble had nearly completely dissipated, leaving the semi-circular-shaped MLBB-to-ground signature with a more distinct horizontal line of reduced ρhv and enhanced ZDR (Fig.   15 ). By 1900 UTC, the downward excursion of the MLBB had become less distinct, as heavy precipitation bands moved northward and meshed with the semicircle, appearing as a widespread region of precipitation with a horizontal leading line.
The polarimetric detection of the MLBB extension to the surface was verified by an observed transition of surface precipitation types (Fig. 2b ). Rain was falling over the southern coast of Long Island, while a narrow zone of freezing rain and ice pellets/ice pellet mixture was positioned along the northern region of Long Island.
After the dissipation of the polarimetric signature, the region of freezing rain and ice pellets shifted slightly southward (Figs. 2c,d ).
Dendritic Growth
Elevated horizontal layers or "patches" of enhanced ZDR, KDP, and reduced ρhv were observed above the environmental freezing layer, within the comma-head region of the cyclone. The enhanced ZDR likely signified rapid depositional growth of large, horizontally-oriented dendritic ice crystals at the subfreezing temperatures aloft. Further aggregation of large dendrites causes a decrease of ZDR below. Figure 16 illustrates this intriguing feature along the 0° azimuth at 0305 UTC 9
February. Enhanced ZDR (1-3 dB), KDP (up to 2 °km -1 ), and ρhv (as low as 0.9) were observed in a layer above ~3 km, within the model-indicated -12 and -25°C wetbulb temperature isotherms (Fig. 16) . The largest KDP values were preferentially located between the -14 and -18°C isotherms and there was a pronounced vertical ZH gradient directly below the layer. Also at this time, ZH near the surface exceeded 50 dBZ, while exceptionallyheavy snow (fine, low-density snow with little rime) was observed at the surface.
These dendritic growth layers were first observed after 1200 UTC 8 February, as much as 10 hours prior to the greatest ZH values near the surface and the most intense convective period. As time progressed, and as ZH exceeded 50 dBZ as convection intensified, the layers became more evident and occurred above the regions of large ZH. By 2100 UTC, the layers had become yet more evident (particularly KDP) as ZH further increased in the heavy snowband and as colder and drier air was introduced. The layers were less visible between 2300 UTC 8 February and 0100 UTC 9
February, but reappeared and became most distinct from 0100-0400 UTC, particularly north of KOKX, above the greatest ZH values over Connecticut.
Overall, it appears the dendritic growth layers were correlated with the increase in heavy snowfall; dendritic ice crystals were generated aloft, became aggregated, (2011) and Andrić et al. (2009 Andrić et al. ( , 2010 Andrić et al. ( , 2013 .
The dendritic growth layers were particularly apparent in PPI plots above the 6° elevation scans. Lightly-rimed dendrites were falling at SBNY, as demonstrated in the photograph taken at 0409 UTC (Fig. 18 ). Note that this signature (Fig. 17) preceded the rapid increase in ZH near the surface (60 dBZ) by less than one hour.
Informative Polarimetric Artifacts
Several types of artificial signatures were observed in the polarimetric data. These features should not be overlooked, as they can provide valuable information about storm microphysical processes.
a. Depolarization Streaks
Depolarization streaks were observed during the most intense convective period of the event. According to Ryzhkov et al. (2011) , weak convective updrafts in winter storms can produce a tangible amount of graupel and charge separation sufficient to generate electric fields. Furthermore, strong electrostatic fields can change the orientation of ice crystals atop these updrafts, causing the transmitted radar signal to become depolarized (Ryzhkov and Zrnić 2007, Ryzhkov et al. 2011 ). The resulting polarimetric signatures reveal the depolarization through radial streaks of enhanced positive and negative ZDR. Therefore, the numerous depolarization streaks observed during the Northeast blizzard event provided evidence of strong atmospheric electrification.
Depolarization streaks occurred beneath the comma-head region of the synoptic-scale low-pressure system from 2100 UTC 8 February through 0300 UTC 9
February, and were most distinct and ubiquitous during the 2300 UTC hour, when ZH exceeded 55 dBZ near the surface. The streaks were observed at the 0.5-9.89° elevation angles, especially at 1.45-4.3°, and originated at uncharacteristically-low heights atop weak convective updrafts in regions of heavy, wet snow. Origination heights ranged from 1-5 km, but were primarily at approximately 3 km. Average origination heights were slightly lower after 0000 UTC, when compared to those prior to 0000 UTC. The PPI image at 2314 UTC 8
February (Fig. 19 ) provides an example of the streaks observed during the event. The ZDR imagery displays radial streaks of enhanced positive and negative ZDR, exceeding 5 dB and -2 dB, respectively. The streaks originated atop weak convective updrafts in regions of heavy wet snow (ZH as large as 60 dBZ, ρhv as low as 0.9).
b. Non-Uniform Beam Filling
A second type of artificial polarimetric signature observed was non-uniform beam filling (Ryzhkov 2007) , revealed by a wedge of radial streaks of reduced ρhv (e.g., Fig. 20 ). This region of low ρhv indicates large vertical gradients of ΦDP, due to a non-uniform mixture of precipitation types and sizes within the radar beam cross-sections. Here, the diverse precipitation types were likely heavy snow and ice crystals.
c. "Snow Flare"
Lastly, a "snow flare" was observed northeast of KOKX from 0000-0200 UTC 9 February at the 6°-19.5° elevation scans, revealed by enhanced values of ρhv and ZDR, collocated with low ZH and moderate KDP (e.g., (Cifelli et al. 2005 ). ZDR, ρhv, and KDP (top left/right, bottom left/right, respectively) 
